Aims: Health care should be allocated fairly, irrespective of patients' social standing. Previous research suggests that highly educated patients are prioritized in Norwegian hospitals. This study examines this contentious issue by a design which addresses two methodological challenges. Control for differences in medical needs is approximated by analysing patients who died from same causes of death. Area fixed effects are used for avoiding that observed educational inequalities are contaminated by geographical differences. Methods: Men and women who died 2009-2011 at age 55-94 were examined (N=103,000) with register data from Statistics Norway and the Norwegian Patient Registry. Educational differences in quantity of hospital-based medical care during the 12-24 months before death were analysed, separate for main causes of death. Multivariate negative binomial regression models were estimated, with fixed effects for residential areas. Results: High-educated patients who died from cancers had significantly more outpatient consultations at somatic hospitals than low-educated patients during an average observation period of 18 months prior to death. Similar, but weaker, educational inequalities appeared for outpatient visits for patients whose deaths were due to other causes. Also, educational inequalities in number of hospital admissions were marked for those who died from cancers, but insignificant for patients who died from other causes. Conclusions: Even when medical needs are similar for mortally ill patients, those with high education tend to receive more medical services in Norwegian somatic hospitals than patients with low education. The roles played by physicians and patients in generating these patterns should be explored further.
Introduction
Studies have found that survival from lethal diseases varies with socioeconomic status [1] [2] [3] [4] [5] [6] [7] . This could be due to patient characteristics, for instance if individuals of lower socioeconomic status delay seeking medical care [8, 9] or are more afflicted by comorbidity [2, [10] [11] [12] . Health service factors could also be involved. Previous research has suggested that educated and affluent patients get more appropriate medical care, even in the Nordic countries which have universal health insurance and a dominating public health care sector [1, 2, 13, 14] . A recent Norwegian study of 25,000 lung cancer patients found that not only medical criteria stipulated by the Norwegian Directorate of Health, but also education, household income, and place of residence, predicted surgical treatment and radical radiotherapy [15] . Another Norwegian study of 100,000 patients with acute myocardial infarction found likewise that patients with higher education were more likely to receive coronary angiography and subsequent myocardial revascularization than patients with low education [16] .
Such findings indicate horizontal inequity [17] , i.e. even when medical needs are similar, high-status patients receive better treatment and more medical resources. In the Norwegian health care system, such educational inequalities will be due to physicians' decisions. Outpatient visits to hospital-based specialist physicians (low user fees) and overnight hospital stays (no fees) will practically always require a referral from the patient's regular General Practitioner or from another, usually specialist, physician [18] . Thus, in principle, physicians allocate hospital-based services, but patients will often, of course, try to influence decisions.
To what extent horizontal inequity actually exists is debatable, however. One issue is whether studies have controlled sufficiently for differences in medical needs. As to the lung cancer study [15] , critics have pointed out that information about lung function was lacking [19] , implying that the educational inequalities in treatment might be assessed as clinically justified if that had been considered. Another issue is that access to health care varies between regions, and treatment regimes may differ between hospitals [14, 20, 21] . As educational and income levels are higher in urban areas than in rural districts, observed socioeconomic inequalities in medical care could be confounded by geographical differences.
The present study tries to consider these two issues. The hypothesis is that in Norwegian somatic hospitals, high-educated patients tend to receive more specialist medical care than low-educated patients, even when suffering from similar diseases of similar severity. Typically, studies on this topic compare patients with similar diagnoses and adjust for medical needs by controlling for disease stage, comorbidity, gender, age, and treatment history [15, 16] . However, the debate referred to above [19] suggests that patient registers used by these studies may lack information on medical and biological criteria which clinicians consider relevant for treatment decisions. Biased conclusions may be drawn since patients assumed to be similar could actually have different medical needs. The present study attempts to circumvent this difficulty by analysing patients who were similar not only as to diagnoses, but also because they died from the disease. The assumption is that when both outcome (death) and diagnosis (cause of death) are similar (given same gender, same age), also other disease-related conditions are likely to be similar, at least on average when large samples are compared. By analysing patients who died, adjustment may therefore be obtained also for medical aspects not recorded in patient registers, implying that educational inequalities in medical care are unlikely to be justified by clinical criteria.
As to the second issue -ensuring that observed socioeconomic differences in medical care are not contaminated by geographical variations -the present study utilizes multilevel models which assign a fixed effect to the geographical district where the patient lives. Such models give estimates based on the associations between education and medical care within each residential area. Ideally, fixed effects should be assigned to each hospital, but as hospital identifiers were unavailable in the data, an acceptable proxy is residential area.
The analyses will also consider gender differences, and age, marital status and immigrant background will be used as controls because these factors are often associated with education.
Methods
The data file used by this study has information for 2008-2011 from practically all somatic hospitals in Norway, obtained from the Norwegian Patient Registry. Using an encrypted version of the personal identification number assigned to all registered inhabitants, hospital information was linked to sociodemographic data from Statistics Norway. Men and women who died in 2009, 2010, and 2011, with age of death ranging from 55 to 94 years, were selected. Using Statistics Norway's educational register, the sample of deceased individuals was classified into basic education (normally 7 years of schooling for the relevant birth cohorts); secondary low (usually 8-9 years); secondary high (10-12 years), and college or university education.
The Patient Registry provided information on outpatient consultations with somatic hospital specialist physicians for examination and/or daytime treatment, and overnight admissions to hospitals for examination, observation and treatment. The two outcome variables, outpatient visits and hospital admissions, refer to the number of these events in the year the person died and the immediate preceding year. Thus, for those who died in 2009, the variables refer to the number of outpatient visits and hospital admissions, respectively, recorded during 2008 and 2009; and similar for those who died in 2010 and 2011. Number of months during which visits/admissions were observed in the sample will vary from 12 to 24 months, but this is inconsequential for the present study which focuses on average amount of hospitalbased medical services received in each educational category. Deaths will be spread across months in similar ways in each educational level, and average exposure time will be close to 18 months for each educational category.
Causes of death were registered by 3-digit codes in the International Classification of Diseases, 10 th version [22] . In order to make analysed samples sufficiently large, a grouped classification was constructed by pooling categories in the European Shortlist for death causes [23] . About 4.0% had died from accidents or suicide; these individuals were excluded from the sample since the study focuses on deaths from disease.
Other variables include gender, age, immigrant background (both first and second generation), and marital status and residential area at the start of the year preceding death. Missing values were negligible except that 0.9% lacked educational information and were pooled with the basic education category.
After describing the data, mean number of outpatient visits and hospital admissions in the four educational levels are shown for main causes of death, separately for men and women. The educational pattern appearing in this descriptive analysis does not take into account how educational categories could vary in age, marital status, residential area, and more specified causes of death, however. The subsequent multivariate analyses are performed by means of multilevel models with fixed effects assigned to each residential area (municipalities, groups of small municipalities, or sub-districts in large cities). In 62% of the 136 areas, total populations were in the 15,000-60,000 range, implying that the inhabitants will normally belong to the same hospital catchment area. In the multivariate analyses, men and women are pooled. This is justified since test analyses showed that the pattern of educational differences was similar for men and women (in only one of eight test analyses was the interaction between gender and education significant, p-value=0.017). An advantage of gender-pooled analyses is that gender differences are clearly displayed.
Since the outcome variables are grossly overdispersed (i.e. variance much larger than the mean), negative binomial regression is more appropriate than the Poisson models often used when analysing health care utilization [24] . The regression analyses, with fixed effects for residential areas, were performed with the Stata program xtnbreg, option fe, with oim (observed information matrix) standard errors [24] . Coefficients are reported as incidencerate ratios (IRRs).
results
Nearly 50,000 men and 53,000 women who died 2009-2011 were included in the analyses (Table I) . More than half of them were born before 1930 (median age when passing away was 80 for men and 85 for women), and a large percentage had only basic education. In the year preceding death, 56% of the men and 25% of the women were married. Only 3% were immigrants, reflecting the limited migration to Norway until recent decades. About one-third died because of cardiovascular diseases, and deaths from ischaemic disease alone constituted 15% and 12% of all deaths among men and women, respectively. Cancer deaths were almost as numerous as cardiovascular deaths among men, but fewer among women. Respiratory disease was the cause of around 10% of the deaths. The remaining deaths were distributed across many infrequent causes.
The descriptive analyses in Table II show that men who died from cardiovascular disease had, on average, 4.8 outpatient specialist visits and 2.6 admissions to somatic hospitals during the observation period. Among women who died from cardiovascular diseases, both outpatient visits and admissions were fewer. Average number of visits and admissions among those who died from cancers were around thrice as high as for cardiovascular disease. Table II suggests furthermore that patients with college or university education had more outpatient visits and hospital admissions than those with basic education, in particular when cancer was the cause of death. Educational differences were small or absent for those who died from respiratory diseases, and relatively small among women who died from cardiovascular disease. Standard deviations for outpatient visits and hospital admissions were always largeroften much larger -than the means for these variables, underlining that analyses by negative binomial regression methods are preferable. Table III (outpatient visits) and Table IV (hospital admissions) report the results from eight negative binomial regression analyses, with fixed effects for residential areas, controlling for gender, age (and age squared), immigrant background, and marital status. In order to adjust for differences between educational levels in specific death causes, dummy variables were added for ischaemic disease, cerebrovascular disease, and other heart disease when analysing cardiovascular deaths; similar adjustments were made when analysing deaths from cancers and from respiratory diseases. Table III indicates a marked educational gradient in number of outpatient visits for those who died from cancers. Compared with the reference basic education, the estimated IRR increased for each step upwards on the educational ladder: 1.10 for those with secondary lower education, 1.14 for secondary higher education, and 1.29 (95%CI 1.24-1.33) for college or university education. The 95% confidence intervals overlapped, however, between the three higher educational levels. Weaker, although statistically significant, educational differences in outpatient visits appeared also for deaths from cardiovascular disease, from respiratory diseases, and the residual cause of death category.
As to number of hospital admissions (Table IV) , however, the hypothesized educational differences appeared only for cancer deaths. For deaths due to cardiovascular, respiratory, and other diseases, number of hospital admissions varied only insignificantly between educational levels.
In addition to the educational differences which are the focus of the present study, also other noteworthy patterns are displayed in Table III and Table  IV . Women who died from cardiovascular, respiratory, or other diseases, tended to have fewer outpatient visits and fewer hospital admissions than men; for cancer deaths, however, no gender differences emerged. All analyses indicated that the amount of hospital care received before death declined with rising age. Immigrants (only 3% of the sample) and native Norwegians had similar levels of hospital care prior to death (exception: fewer hospital admissions among immigrants for the residual causes of death category); most immigrants in the sample were of Nordic or Western origin, however. A consistent pattern in all eight analyses was that not married individuals had significantly lower utilization before death than married individuals, suggesting that having close relatives enhances access to health care.
Discussion
This study indicates that for critically ill patients, a larger amount of specialist hospital-based medical care was allocated to those with higher education than to those with basic education, even when medical needs were similar. This pattern was particularly marked for patients suffering from fatal cancers, both as to outpatient visits to specialists working in somatic hospitals, and as to hospital admissions. Similar, although smaller, educational differences were found for outpatient visits for those who died from cardiovascular diseases, from respiratory diseases, and from the remaining causes of death. As to number of hospital admissions, however, the educational gradient appeared only for those who died from cancers, but not for other death causes.
Thus, educational inequalities were particularly evident for cancer patients, and also visible for cardiovascular deaths. These two disease categories cause the majority of deaths in the analysed age categories (66% among men, 61% among women). Overall, the findings are in line with the horizontal inequity hypothesis that when afflicted by comparable lethal diseases, patients with higher education receive, on average, more hospital-based medical resources than patients with basic education. It should be noted, however, that this was a consistent pattern only for outpatient specialist consultations; for hospital admissions, the educational inequalities appeared only for cancer patients, but not for other disease categories. The formal authority for allocating hospital-based resources lies with physicians. In this sense, they are responsible for the horizontal inequity which may occur. However, the processes which generate the observed patterns can be complex. One possibility is that physicians tend to prioritize highly educated patients, either consciously or without being aware of it. The reasons that General Practitioners and hospital-based specialist physicians ordain, on average, more intensive follow-ups (i.e. more outpatient visits) when the patient has higher education, could be that physicians are more concerned about the fate of highstatus than low-status patients, or more motivated to ensure good care for well-educated patients. An alternative explanation is that high-educated patients (or their relatives) exert their networks, bureaucratic competence, and other resources in order to convince or pressurize their physicians into prescribing more care. It has been suggested that "…patients with high education or high income are better informed about their treatment options, and may be more active in the decision making process…" [15] . Unfortunately, the data material used in this study do not allow for a further exploration of the respective roles of physicians, patients, and patients' relatives.
The conclusion about horizontal inequity relies on the assumption that sufficient adjustment for differences in medical needs is achieved when the analysed patients had not only similar diagnoses, but even the same outcome, i.e. death. Since the disease turned out to be fatal, the assumption is that also unobserved disease-related conditions (i.e. unrecorded in the patient register) were similar on average -an idea illustrated by the 18 th -century essayist Samuel Johnson: "Disease generally begins that equality which death completes…" [25] . Empirical validation of this assumption is difficult. However, to challenge See Table I for ICD codes. See Table I for ICD codes.
the conclusion about horizontal inequity, one has to assume that highly educated patients received more hospital-based care because they had, on average, more severe diseases which required more treatment. This does not seem plausible, for instance because delayed seeking of medical care is found to be more widespread among low-status patients [8, 9] . A competing interpretation is that more outpatient visits among patients with high education were not due to the specific disease which led to death, but to a long-term habit of frequent contacts with medical specialists. This interpretation seems unlikely since test analyses (not shown) indicated relatively small educational differences in utilization of hospital services 2 years before death, but marked inequalities during the year of death.
Strengths and limitations
One strength of the present study is an unbiased sample: all deaths due to disease during 2009-2011 in the selected age categories were examined. It is, moreover, unlikely that errors in hospitals' reporting of consultations and admissions, or the recording of causes of death in the mortality register, could have biased the results. Information on consultations with private specialist physicians was not available, however. Since patients with higher education are more likely to visit such physicians [26] , it is not probable that the exclusion of visits to private specialists from the analysed material challenges the conclusion.
However, this study has not examined the quality of medical care, but only quantities in terms of number of outpatient consultations and hospital admissions during an observation period which averaged 18 months. A reasonable conjecture is, nevertheless, that quantity corresponds, at least to some extent, with quality.
A methodological issue is how to model such extremely skewed outcome variables. For hospital admissions, for instance, the average was 3.6 (men and women pooled), but a tiny minority of 0.4% had more than 50 admissions. In such cases, negative binomial regression is recommended [24] . However, the same pattern of results appeared in fixed-effects multilevel Poisson regressions with robust standard errors, after excluding those with more than 70 outpatient visits (tables available from author). Using bootstrap standard errors gave estimates of statistical significance similar to those reported in Table III and  Table IV. Adjusting for residential area was essential. In single-level analyses of the entire sample, without taking into account that the deceased individuals lived in different districts and belonged to different hospital catchment areas, the educational inequalities turned out to be clearly larger than those displayed in Table  III and Table IV . This underlines the need for spatial adjustments when studying socioeconomic differences in medical care; if this is not done, findings of educational differences may partly be by-products of area differences.
conclusion
This study indicates that in Norwegian somatic hospitals, high-educated patients tend to receive more hospital-based specialist medical services than patients with lower education, during the last 12-24 months before death, even when their diseases and medical needs are similar. The educational inequalities were particularly marked for patients suffering from fatal cancers. Similar, but weaker, educational differences were also found for outpatient visits when suffering from cardiovascular diseases or from other diseases, but not for hospital admissions when the death cause was something other than cancers. Overall, the results indicate tendencies that highly educated patients are favoured in Norwegian hospital care. Whether these patterns are generated by physicians' priorities or by patient influence (or by both) should be a topic for future studies.
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